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CHAPTER |

INTRODUCTION

This paper describes the generation of French sentences from a
semantin representation af ‘netura! language conceived by Yorick Uilks
[11. The gengration pracedure is part of a system which takes as
input English paragraphs, transforms them into an Interfingual
representation (IR) and outputs a French translation. The system,
called Preference Semantics, differs from former earlier attempts to
do machine transiation {(NT), in that it involves no explicit
syntactiral analysis, but uses instead semantic means at every level
of analysis and generation. In fact, the system can be said to
"understand® the text translated.

Preference Semantics is characterized by

[ 1) texical decomposition. Each sense of a word of the source
fannuage i3 coded by a tree 0f semantic markers or -elements from 2
finite et of fundamental concepts. This structure is called a
"cemantic formutfa®,

2) it invoives & catalogue of case relationships ., such 3s:
actor » action, event « location. Their occurence in a text is made
explicit; thus, an English sentence is transformed into a network of
lexical decomnposition tree, where the arcs represent case
refationships .

3) the network is organised on tuo levels: at the louer
fevel are templates corresponding to fragments of English {uhat
constitutes a frazament wiil b2 made precise later but correponds to
the concept of a phrasel. Thz templates in turn are organised inio
a higher level netuwork, The anaiysis routines proceed in two stages
corresponding to these tuo levels of crganisation. First the text is
fragmented and the semantic analysis carried out wrthin the context
of a fragment. Then, a seccrd stage deals with semantic relations
between fragments, including the referral of pronouns.

4} At each stage, the system directs itseff toward the
correct repesentation by preferring the most "semantically dense"
one: that is, as a somewhat crude approximation, the one such that
the redundancy among the lexical decomposition trees is largest.

e feel that lexical decompesition togethes with this method of
selection of the right meaning for a sentence constitute 2 reasonable
faormalization of the representation humans maintain in t=2ir memory
and of the pro=sess they carry out! wuhken they undersia.d language.
Introsnective observation brings intuitive support to the fact that,
whatever complex mental object is associated with 3 given word sense,
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understanding a sentence invalves "intersecting” those
representations. Thus if ue say "l hear a bark”, the right
interpretation arises hecause the mental obiects asscciated
respectively uith "hear" and uith “park" as an animal cry, interszect
extensively, w«hereas tree coverings and sounds canno! be connected
in ar immediate way. e are cravinced that such semantic
connections are used tc establish the meaning of an utterance prior
to any yrammatical analysis. *

Clearly the mental imacs associated with a uvord is a very complex
memory item invoiving -ensory as uell as sysbalic elements. But a
netuork of fundsmental! concepts seems a reasonably good ma2p for it,
in terms of the ‘"understanding” performance which an. algorithm
working on a "maximum intersection” principle can achieve with it, as
we uwill sec.

Lexi.al ¢ ocompnsition is one form of a data base of knoutledge about
the uorlJd and some general inference making mechanism could plausibly
do e work of the Preference Semantics method of meaning selection,
Housver, the major part of understanding relies on intelligent use of
semantic information which ¢an be made avaitable in adeduate lexica!
decompoaition. This reconmends that this information be coded in the
most economical uay, that it be readily accessiblsr Without time
consuming search, Preference Semantics seems 3 most natural and
effective uay of meeting these requirenents.

Houever, there are some cases when a correct English-French
translation requires the knoulege of facts not naturally expressed in
lexical decompositiion. and a uay of inferring from the text and from
thie store of knouledge, Here is an exanple:

The soldiers fired at the uomen; | sau them stagger angd fall.

Referring the pronoun “them® in the seccnd sentence would require
some equivalent of the following "reascning”: firing at someone
usually wounds him; uounded people often iocose balance and stagger;
thus "them" refere to "the women". The first fact would logically
appear in the lexical decompociton cf "fire at"; i.e. the purpose of
"firing at" is usually to hurt. But ‘'he rest involves knoiledge that
could not be reasonabiy cod d within the semantic formulas of the
uords pccurring in the sentence.

Thus tie are in the process of adding to the system 2 component called
Common Sence Inferences, uhich is conceived as 2 natural extension of
the existirg Preference Senantics system, inthat it uses the same
formalism and preference principle (Uilxs {21},

Tizo other problems involuad in correctly transiating English into
Croench require wachinery of z.0ther ¥ ind.
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1) Consider "I drink nine" and " | like wine", In the first
case e have in French "du vin" and in the =econd "le vin f(a finite
quantity of wine versus Wine as a substance).

g' and "l went for a walk
every morning" give respectively: "Je me suis promenee ces matin" and
*Je me promenais tcus les matins”., The imperfect is used in French
for a repetitive action and the past for a cne-time action.

2} "l went for a walk thiec worni: y"

Although in p-inciple, questions such as “are we concerned here with
uine as a species” or "is this action habitual" could be ansuered by
using the inferen.s mechanism, they are too complex to be deait with
in this way in practice. Thus we Will implement special semantic
procedures uhich will use the semantic representation together with
some heuristics to answer these specific questions.

Correct transfation from one language into another is one test of
"understanding” for a computer system. Questions atout uhether
systems capable of carrying out an "intclligent" conversation exhibit
more "understanding” are meaningless uithou! first defining i1 some
precise way the class of questions uhich theu are sble to ansuer.
This being rather a diftficult problem, we wili simply note that with
the Inference component, which is at this time a'ready precisely
defined and being proyrammed, nothing significany has to be added to
the system to extend it into a question ansuWering system which will
ansuer a non trivial class of questions. [t remains to definz "non
trivial" more precisely and to compare the perfurmance of such a
system with other question answering systems,

Wilke has described in detail the semantic representation and the

first stage of the analysis (Hilks [11}; ue will thus present here
only a brief description of both uith particular attention to aspects
relevant to the generation procedure. He will then describe in detail

the second stage of analysis { i.e. the interfragment analysis ) and
the French g¢generation routines as they are both conceptually and
programmatice'ly intertwined,



CHAPTER 11

THE INTERLINGUA AND leERNAL ANALYSIS OF FRAGHMENTS.

We will firet describe the interlingual building blocks or ELC! TNTS,
then =ach siarif.cant substructure of the Interiingua together :rith
the variocus procedures which constitute the intrafragment analysic,
e uill describe the final cutlook of the IR, but will conrider the
‘nte-‘r~agment analysics only in the rext chapter.

ELEMENTS

Thou are 63 semantic primitives corresnonding to fundamental corcepts
and relations. Here arc some examples lin capital let‘ers) folloued
by a discursive description:

{alentities: )
MAN  (human being!, STUFF  (suustances). THING {physical
cirject) etc...

{blacticns:
HAVE Ilgossesses), FORCE {compels), CAUSE (causes to happen)
etc. .. .

(e} type indicators:
VIND (being a qualityl, HOU (heing & type cf action) etc..

(d) sorts:
WhOLE f(being a totaxiity), GOOO (veing morally acceptablel,
THRU (being an anerturel) etc...

{e)cases:

AT {location', HWITH ({instrument) , SUBJ (agent}, OBJE
{patient cf action), Il (containment), POSS (possessed byl etc...

FORNULAS
A cemantic formula is a bina 4 tree structure of ELEMENTS. expressing
the semantic conten® of a .oncept. In our dictiona~y, each sense of

an Erglish word is coded uith such a formula. Fo:- example:

( (xAN]1 SUBJ) {{xANI OBJE) ((({LIFE 0BJE) NOTHAYE) CAUSE)))

represents the meaning of 'to ki'l",



At any fork of the hinary tree, there is & dependency relation of the
left branch upon the right branch, This dependency is
intecpreted differently but unambiguousty, according to the ieft and
right subtreecs: for exampie to the ieft of CAUSY, we expect to find a
subformula referring to uwhut has been caused. The subformula with
UBJE as @ right member indicates the class of preferred objects of

the action, herc %ANl or class of animate beings. Similarly, (xANI
SUBJ) indicates that the subject of "to kill" is generally an animcte
weing. Thus the whole formuia says that "to kill" ie ¥ an animate

being zausing an animate being to Ic.e life",.

A concequence of the left to right dependency rule is that t.ae
rinhtmost etement of a formuia, <he HEAD, is the primitive uhose
semantic sooprs  comprehends most adequately that of the concept
descrived by the formula. The choice ov a head for a given concept is
sometimes debatable.

For exampla, ons sense of "to urge" has been coded:
({(MAN SuBJ) ((xANI OBJE) (FORCE TELLI))

The head is TELL, ushich means "to communicate verbal'y": 5 irying to
define "to wurge, ® this might be the firs. de imititivn of the
meaning we wvould like wu da, given the choice of prim tivex that . is
available to us, Housver ue mivht prefer FORCE as a head. uwith the
rightmost subformula tTELL FORCE), thinking of "to urge" as "to
encourage verbally" rather than "to utter encouragements”. The
gecision is laryely dependent, 3s is the whole cuding and evan the
rasic dicrimination of word senses, n the task wHhith uwe set
ourselves uith the interiincual ~epresentation. We will come back on
this roint later, whern speaking specificaliy of problems of
transtation into French,

flore details about the syntax and semsntics of formulas is availabla
in Hitks (1.

BARE TENPLATES

A bare template is an ordered triple of elements, uhose semantic
interdependence is that of an agent-act-cbject triple. Qur inventory
of hare templates should contain all and oniy those trinles which can
be built as follows: by al.gning the heads cf the tormulas of the
agent, action and object of any n2tural language statement which does
not involve nonsense or metaphors. Thus MAN_GIVE_THING is a bare
templiats, but not MAN-BE-THING (the semantic scope of the elements
GIVE and BE shoulc z okvious). Presumably, nu statemeni respecting

the above restrictions would have for core of meaning "1 man is a
physical object”: but “John offered a motocycle to his sor” yields
the bare template MAN-GIVE-THING. the significance of bare

templates lies in the wusy in uwhich they function in the analysis
algorithm, which ue uili nou sketch.

&



FRAGMENTATION

The orlgina! English text is first fragmented: at punctuation marks;
keyuwords such as subjunctions, prepositions, connectives and relative
pronouns; before gerunds and where "that" ‘has heen omitted.

BARE TENMPLATE MATCHING

As ue have seen, to each English word in cur aictionary s attu.hed
ane or more formulas corresponding to the vario.s senses of the word,
Working within the context of single fragment, we form all seqguences
of formulas wuwhich c¢an be obtained, by picking for each uord of the
fragment, one of its formulas, The corresponding sequence of hsads is
then examined; if three heads, not necessarily consecutive but in the
order of the corresponding text, make a triple which is in the bare
bare tempiate irventory, then we keep the cnrresponding seguence or
formulas for further examination: otheruwise, this "interpretation” of
the fragment ig eliminated. Thus tare template matching is a
too!l 1)} for cutting doun the number of interpretations of the wuords
in the fragment, 2) for making 2 first grammatical analysis.

Far exampie: "Smal! men sometimes father big sons” wiil give the two
sequences of heads:

KING 1Ak HOW MAN KIRND AN
and
KIND  MAN HOU! CAUSE  KIND  MAN.
(LAUSE is the heac of the verbal sense of "father": "to father™ s

analyzed as "tn :ausa to have life".)

The tirst seqguence has no underiying bare template; however, in the
secand we find MAN-CAUSE-MAN wunirch 18 a3 legitimate bare template.
Thus we have dicsambiquated "father”, At the same time it proposes
oue or ceveral plausinle agent-acticn-object subcructures,

Honever, as not all fragments follow an aclor-act-object patiern wue
have extended our inventory af bare tempiates as follous:

llue use dummy elements 3s piace-holders for missing items,
DTHIS tor the actor and object places, and OBE in the act place. Thus
THING-DBE-DTHIS and MAN-MOVE-DTHIS are legitimate bare templates,

2) ue consider that preposifions carry 2 verbal meaning; thus

they are coded by formulas with heaags PDO (for “to", "into", “from"
etc,,) or PBE ("in®, "at" ...} which occcupy the .enter place in the
relevant bare templates. Tnis yieids bare templates

such as: QTHIS-PBE-PUOINT, DTHIS-PDO-THING which wuwouid be matched
respectively upon phrases like "at the crossroad” eand "out of the

&

e e S seegeat Sou



box" (PNINT refers to point-like entities in gpace or time).

TEMPLATES

The process just described has selected a certzin number of formula
triples, which ug ui'!l refer to as the templates for the fragment,
EXPANSION

The expansicon algorithm 1) carries .hrough disambiguation 3s far as
the context of & fragment permits; 2) performs the . work of a
conventional grammar: namely it makes explicit linguistic
dependencies such as that of age.'t on act, indirect *bject on act,
qualifier on suhsiantive, etc...

Expansion simply means taking the ona or more templates selected by
the preceding matching process in the context of the fragment from
which they cane. and looking again at the farmulas {eft behind, those
Wwirich did not get nicked up by template matching, a&nd seeing which of
them, if aniy, can ke attached tc the template atructure sy a sustem
of dependenzies between formulas, By "dependenc'es”, we mear
relations such as ¢ocnt-act, act-indirect niject, qualifying
adjective-substantive, etc,. betueen the correspor.uing formulas.

Our preference principle ells wus & g2le~ . a5 the correct
repregsntation for a fragment, the most ex Jnued or dencest
tempiate: the one for which the greatest number cf such dependencies
can be set up, Th.s met'od zan yield virtualiy all the . esults of a
coitvenitional grammar,ubile using eoniy relations between semantic
elsments.

The representation derived so far is a sequence of fragments wuith,
matched unto each, one or several expanded templates. In additton,
gach keyuord in the dictionary is coded with a !ist of PARAPLATES
{descriibed ir the next chapter] which have been carried along With

the keyword into the stil! u finished representation. This is what
will be handed oan as input for the csecond phase of analysis. We will
nouw describe the final product of the overall analysis prooess,

leaving aside for the time being the way in which it is derived.

THE LINKS AND FINAL FORH OF THE IR.

e are nou concerned uith relationships betueen templates, their
detinition and coding . To each expanded tempiate is attached a iink,
A lihk zonsists of three items of information : the FEY, MARK and
CASE.

The key is the keyuword, if any, which trigiered fragmentation; else
it 1s NiL.



The mark Is a list of one or several uords outside the current
fragment, each »of uhich relates to the current {ragment through the
same’ depencency. The catalogue of dependencies censiderad incliudes
linguistic relationchips such 3s:

subject on predicate

governor on prapa: tional phrase

verb 4n object

verh of main clause on dependent clause

etz...
The case 19 a descriptive tag for these u-uendencies. The list of
case namis includes: AT (location in space or time), UITH

{instrument), TO {direction}, OQUTOF fsource), OBJE (object), etc...

Here i1s an example of an English sentence, fragmented, and with its
key, mark, ~ase and matching bare teuplate:

fragment I key | mark | case { template !
_______________ | o : L& e S |
Some people | NIL | NIL P NIL  [MAN-THINK-DTHIS |
beiieved | | { { |
] 3 - .l : s _smbe T RN |
and said | and | (peoplel | PRED jUuTHIS-TELL-DTHIS|
== - [ P e s s e B

that the student | ] ! I |
ur.ising could have | | | | |
ied the country | that |{pelieved said}| OBJE JACT-CAUSE-FOLK |
__________ | S I o | e ¥
| into | (led) | TO |DTHIS-PDO-ACT |

I - l |

into a revolution

P ———

The IR, in its final form consistsz of a sequence of fragmente of the
original text, iith matched unto each:

-~ one, or sometimes several, links,

- the template, or triple of formulas, or which the bare
template nas matched.

-three ‘qualifiar lists" unich are lists of formulas
containing the dependents  upon the agent, act and object
regspactively.

ADJUSTMENT OF THE INTERLINGCUA TO THE TASK OF TRANSLATIOH,

There is 2 class of discriminaticns of 3enses of & word uhich any
understanding system  must do: thus with "rank" in "a rank
vegetation” and in "close the ranks”. Quteside those, distinctions
are dictated by the tusk assigned to the understanding systsm. Thus
Winograd's program, whose behavior requirement 1s that it understands
and plans t{he execution of commands concerning the manipulation of

8
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olocks, distinauishes tuo senses of "on tun of": eitier “directly on
the siLrface", or "someuhere abcve”. There uwceold be 10 poin® in making
that distinction wuhen transiating into French, as the output ignores
it On the other hand, we will need to distinguish betueen "fish
henes"” and "mammals or birds bones” as the first is "arete" and the
second "os",

In fact, an English word hzs as many semantic formulas atlached to it
as 1t has rendarings into French according to context. There is no
limlt +to the depth of embedding of fcrmuias, so that very fine sense
discriminations cén be expressed, and the analysis algorithm embodies
a pouerful diszambiguation mechanism whose shortcomings are not
related to the Jineness of discrimination, Thus we could transiate
"maintain" by "maintenir" in “maintain order"; by "entretenir" in
"maintaln refations"; and by "girder” in "maintain one's cool”. The
three formulas for "maintain” will contain as category of preferred
object: respectively a type of arrangement (GRAIN), an activity
(ACT), and an attitude (STATE).

A _semantic category can perfectly well have 2 single member, which
enables us to handle some idioms.in a general way. For example, one
formuia for "to run" is: ({MAN SUBJ) ((ACT OBJE) ((SELF MOVE) CAUSE)))
khere the preferred object subformula is that of "errand" on!y: the
French <¢hin wants "faire une course", and the generation patterns
which e uill describe below are written to produce this output.

Another example cof a sense discrimination performed during analysis
is "nearly". In "he nearly died", it becomes a verb in French: "Il a
fallli mourir™. But "it is nearly morning" gives "c' est presque le
matin". Thus “nearly” has tuo formulas: one indicates an adverb
which gqualifies actions, and the other an adverb qualifying ¢time
antities. The analysis uill be able to attach "nearly" to the word
it qualifies and generation patterns are written to handle the
raphrasing.




CHAPTER [!1

THE 11t ROUTINES

Tre role of the TIE routines:

1) nake wexplicit the 1links defined in the iast section ,
ranely the key-mark-case triples ninding a wheie template to othrrs,

2lcisambiguate conten’ -uords left unresolved afl=r the
expansion vrocess, Tre first store of analysis u.es only tne context
of a fragmen., uwhereas the TIE routines uill ccosider the context of
a whole sentenc?2 ur more.

3) refer pronouns in simple cases, There is no c¢asily
defined border line batueen those examglies which require the
Infertnce making componsnt A3d  those treated in the TIE routines.
Ay example ce2quiring world knouwiedga that '@ not coded in the
formulas, falls into the former category. Huitever, the e<amplie "He
drank uine out of a glass and it felt warm in his stomach" requiies
extended inferences to refer the "it", aithough it wuses only
information contained in the fornulas, For more detaits see Wilks
[21.

4) attacn a generation rattern at certair points in the
template sequence. i

3

4

3

Tu.carry out these tasks, we ne2d a process analogous -to bare
template matching and to the assessment and counting c+ dependencies
in the first phase of analysis: but for keys anc their context
instea® of content wuerds, Houever, ue have adopted a different
urganisdation: the ricsen s that the tasks involved require compleox
and varied semantic tests to be made on the context of a key., For
exanple, discrimirating oetuecen the senses of 2 key, rnot cenily
accoi 1irg *o case but also according to French output forms,
necessit>tes fine and variegated semantic tests. A key has thus been
coded uith an orde.gd list of iters called PARAPLATES, uhose format
is versatile and can include any desirea samantic predizcate,

[P I ¢

PARAPLATES
A parapiate is:

<list of predicates> <case> <s'‘sreatype>
The third item it a generation form used by the generation routines
and deacribed in detail in the nex! seclion. The predicates here
assume the form of a LISP funciion cell and refe~ to LISP procedures.

These procedures m&y empbody any kind of test on the interlingual
context of the Key.

18



Before describing hon he paraplates are used at a procedural ievel,
let pe consider, as a~ :xample, three consecutive paraplates out of
the list of parsl. ates for the preposition "in", and the class ¢

o u

contexts of "in" on uhich each one will match:

1) (((OBJECT 3! THING)Y (O8I, 1 X ZONT) (MARK_H MOVE (MOVE CAUSE)) (MATCHI
WITR S0ALD)

70

( (PRECB DANS M}

2) (((OBJECT_K THING) (MARK_H MOVE (NOVE CAUSE)))
T3
L (SPKEOB DAKL) 1)

3) (((MATCHZ _HEAD} (MARK_H xD0))
LECA
( (FREOB DANS)))

The firsat paraplate u|ll match the sentence: "i pul the key / in the
locn"

The praodicates MARK-H and OBJECT-H check upor the formulas of the
mark and object of the preposition., In the fi-st paraplate. they uill
be true iff the obj2ct of *he p-eposition is a THING and if the mark
2 movement verb (formuia uith head MOVE or rightmost sunformula
(HOYL CAUSE) ). The predicate DBJECT_H is true iff the cbject of ti.n
preposition contains the element CONT, i.e. is a container,

Let wus assume that, in oucs dictionary de have tuo sences of "lock"”,
one for lock as a fasiener, the other for the lock in a canal. Both
locks ars things catisfuing ((OBJECT_H THING)) and containers
satisfuing ((DBUIECT_H CONT)}). Thus the first tio predicates do not
allon us to discriminate betueen these two senses. For this, we need
MATCHL.

The pradicate MATCH] considers the object (" keg") of the mark and the
object of the preposition {"tock"} and is true if theirv formulas
contain an ide.ticai subformula uith 2 rightmnost element WITH or
GOAL. This turns out to b2 .the case if the formulas for "keu" and
"lock" are those corresponding to the senses appropriate to the
sentence: these formulas express the fact that bott corresponding
objects serve the same purpose (GOAL), namely "to forbid the use of
an opening” (or (({THRU PART)OBJE)NOTUSFl)C ISE) as it appears in the
formuial.

The predicate MARK_H tests the serantic formuids of - prospective
marke, and is wused to select "put” here a5 the mark, as "put” has
been coded with a rightmost subformuia (HOVE CAUSE). Simultanecusly,
tt.e d:rectnve case 70 and the generation form [(&PREOB DANS)), ("dans
la serrure”), are selected.
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Note that the second paraplate will fit the sentence ton, Houever,
the orrer of paraplates . the TIE routine’s operation, are such
that, if a paraplate higher in the tist fits, it has prirrity over
tre  ones  belou, For thics to he effective in the relection among
interpretations, it is npecessary that the order of paraplates

eflects a degree of spacificity of the class of contexts the
paraplate fits, Thus a paraplate higher in the |list prescribes the
centext more tightly tnan one belfow, wunless they are mutualily
exclusive, This is equivalent to saying that more “dependencies” are
ascertained by a higher paraplate, so that it is naturally preferred.

Lonsider now %2> sentence: "He put the number / in the table®,
There, only the third paraplate will fit, simultanectsly selecting
the numerica’l sort of table and not the flat 1soden one. The
predicate MATCH2_HEAD considers the heads of ‘the formuias for
"number® andg "table" and is true if they are the same, uhich is true
onlu for the correct sense of "table” (both heads being SICGN).

Finally, the santence "i put the book / in the table’ uil, fit both
paraplate 2 and 3, giving the same sense of table in both cases, that
of a flat surfaced object, but parapta.e 2 wili be preferred,

In addition to disambiguatiing, a fitting paraplate will yield a
cas~, a mark and a:.. adequate generation pattern,

PROGRAN OPERATION

Let wus ftirst assume that no ambiguity has seen left over from the
intrafrcgment amaiysis process, so that to each fragment is attached
ane expande © temalate and une only.

The core of the TIE routines consisi of a set of rules uritten .o BNF
form repreo<en®ing the sequences of keys and template tupes
corresporuing te noraal English sentences, assuming only one expanded
template per fragment, There are §& typss of templates corresponding
to the permitted comhinativns o’ dummy 2lements in the template; the
class of templates uith .ne dummy element in the subject position s
subdivided into prepc .itional- and verbal-action templates, When
those rules 2re used tu "parse” the semantic representation, the
relations betueen fragments appear, making it possible to assign mark
anJ case, provided that the semantic informaticn held in the key
paraplates is simultaneousliy taken into account. This is done by
"executing” i{he paraplates of the key in the rourse of the "parsing”,
when there are any.

When ~this operation is completed, 2 dersity coefficient is computed,
Thie cosffirient accounts for dependenc.gs betucen tempiates such as
agent-act, antecedent-irelative clause, etc... : for prepositional
phrases, the higher in the list the selected paraplate, the greater
is the density increase. This density is used in disambiguating
content-uords as folious: formutas for the ambiguous words are
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entered in  turn  in the interlingual fragment; each time, the above
“parsing" is attempted. The set of formulas yielding the densest
“parsing” gets selected, together nith its iinks and stereotypes.

REFERRING PRONDUNS

Tuo processes are used to refer pronouns: one uses only the context
of the fragment containing the pronoun to choose among possible
referents, the other uses the contex! of a whole sentence or more.

The first procedure uorks as follouws: the program collects
suyntactically plausible referents and makes a first selection using
the follouing observation: substantives «depending upon the same
action lhrough various rcase relationships either cannot refer to tta
same object, and this is a3 semantic impossibility, (thus the
direction of an action (movement) cannot be its subject) or else a
reflexive pronoun ie used (-"He has dedicated the book to himself"}.

The set of referent cc:“idates is then ordered according to a
priority based on syntict.cal obs.rvations such 58 : the function of
a pronour in its context is often the same as that of its referent in
its oun context. Thus in "John offered a present to Peter because he
liked him", "he" is actually refers to "John" and not to “Peter”.
Finally the formulas of the candidates are substituted in turn for
the pionoun inside the template and for each the density of
dependencies is connuted as during the expansion process. The
formula giving the highest dencity or, if there are several of those,
the one among tham uith highest priority ‘s selected.

The second process is similar to the resolution of content-word
amhiguity by the TIE rou'ines; i.e. possible referents are
substituted in tura in the pronoun place, the parsing is dons and the
highest deansity parsing points to a preferred referent.

As ue have seen in the introdudtion, thesz two oprocesses will not
resolve all anaphoric reference problems. The exlended inference mode
vditike [21) wil!l then handle remaining ambiguities.



v

CHAPTER 1V

THE GENERATION ROUTINES

Transliating into French requires the addition of generotinn patlerns
called STEREOQOTYPES. [Those patterns are attached to Eng!isr uwords in
the dictionary, both to keys and content werds, and carried into the
IR by the analysis. )

A content word has a list of stereotypes attached to mach of its
formulas, When a uword-sense is selected during analysis, this
list 1is carried along with the formula inside the IR, Thus, for

trans!ation purposes, the IR is not made out simply of formulas but
of SENSE-PAIRS. A sense-pair is 3 4

<formula: <list of stereotypes>

A< for keys, we have seen in the last section that each key paraplate
contains a sterectype, which gets attached to the template if the
corresponding paraplate has been selected by the TIE routines. This
stereotupe is the generation rule to be used for the current fragment
and possibly some of its seqguents,

STEREOTYPES
The simplest form of a stereotype is a French Word or phrase standing

for the tranclation ot the English uord in the context. With the
nouns 15 a gender marker. For example:

private (a soldier) : (MASC simpie soldat)
odd (for o numberi v (impair)

buile, ¢+ {construire}

brandy : (FEM] eau de vie)

Note that after processing by the analysis routines, all words are
already disambiguated. Several sterzotypes attached to a formula do
not correspond to different senses of the source word, but to the
different French construrctions it can yield,

Complex stereotypes are strings of Frernch udords and functions. The
functions are functions of the interlinguai context of the sense-pair
and evaluate tn a string of French words, & biank, or to NIL,
l.e. such stereotypes are COMTEXT-SENSITIYE RULES uhich check
upon, and generate from, the sense-pair and its context, and this
means other “ragments as uell as the current one.

WUren a fu'. .ion in a content word stercotype evaluates to NlIL. then
the whole = . ereotype fails and th~ next one in the list is tried,
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for example, here are the tue stereotypes adioined tu the ordinary
sense of "advise®

{conseilier (PREOB a MANJI
{conseiller}

The first stereastype wcuid be for translating "! advised my chilaren
to leave”. Tha analysis routines woulrd Fave matched the bare template
HAN-TELI -MAN  on  the wuord triple l-advised-children, The function
PREOB looks at uhether the object formula of the template. i.e.the
one for "children” in our ewxample, refers to 2 human being; if so it
generates a prepositioral group with the French preposition "a",
using the object sense-pair and its qualifier list, Here this yields
"a mes enfanis” , and the value of the u*.le sterectype is
"conseiller a mes enfants”,

For the sentence "l advise patience”, uhose transiation might be "je
conseiile !a patience”, this stereotype would fail, as the <bject
head is STATE. The second is simply "{conseiller)", beccause no
prescription cn hou to transiate the object needs to be attached to
"conseiller" wuhep the seman.ic object goes into a French direct
object, as this is done automutically by the higher level function
which constructs French clauses,

fhus we see that content uords have complex stereotypes prescribing
the transtation of their context, when they goverrn an “irregqular"
construction, that s irregular by comparison to a set of rules
matching the French syntax on the [R. '

The stereotupe for a content uord can prescribe the translation of
fragments other than the cne in uhich i1t is included, A generation
rule for a fragment ususliy comes from somc key parapiate. A list of
key paraplates reflects the fact that rules of syntax are usually
bacerd gn some semantic classification: i.s, for given semantic
categories antd reiationships in the context of the key, the output
syntax i8 represented by the adjoined stereotyps. However,in any
natural languane there will be exceptions to any classification
scheme. Excaptions are dealt wuwith here by attaching the
replatement generation rule to th= word governing the construction
{usual iy the mark ¢f the fragment).

For example, the parapliates for "t0" as in "Jdohn told him /7 to
ieave”, state that if the mark is an act of verbal communication
{formuls head TELL), then the "to" phrase should be transiated by
"de" follcued by an intinitive:; "John fui a dit de partir”, This is
generally the case; however "to urge", when going into ‘“exhorter",
fias besn coded uith a JiELL head, but gives the construction "a
partir”, Tnue one of itc stereotypes indicates that the construction
feliouwing "exhor ter" must be “a partir”, uhile the funriion
suporvising the execution of steresotypes ensures tna* "a partir® will
supersede "de partir”, the construction which the key sterotype
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attacned to the templiate by TIE woulc have generated. This stereotype
is as fniious:

{exhorter (DiROB MAN) (FIND-LINK GOAL IR-VP} a (INFV2))

which would applu in the example:

fragment / | key | mark | case | sterectype |
/ bare template | | I | |

------ SRR FI PERSEREE PEEE EELCEL ittt
The delegate urged the women | NIL | NIL | NIL | COINDCcLY) |
MAN TELL HAM | | | | |
__________ ._w | L i R I |
who were striking | uho | (uorkers}| SPEC | ((WHCL)) |
MAN NOTUD DTHIS | i | | |
PR _ . _ - S, P . S '

to be natient { to |f{urged) | GOAL | (de (INFVP})}|

BTHIS  BF KIND | | | | |
' . P | | [ |

v —— it s e S S S 4 A s i e s S

fn the stereotype above, DIROB constructs a direct object uith the
template ohject if it is a human being.

EIND-LINK takes as arguments a case, and 2 descriptor of template
types, here IR-VP_ uhich indicates t-e set of templates with a dummy

subject, [+ zearchas the Interlingua doun from uhere "urged"”
occurs, for a fragment dith case and template type according teo the
arguments, and with this occurence of "urged" itself as 3 mark. The

third fragment in our example fulfilis these conditions., The control
function supervising the evaluation of stereoiype starts then
generating from it. using the piece of stereotypes which follous
EIND-LINK, i.e. "a (INFVP)", instead of the stereotupe of "to" which
had been selected during TIE (namely "de (INFVP}"]}.

iNFVP  gererates an infinitive verh-phras:, after inferring its

implicit subject {here uomen) from the semar.tics. Acts of wverbal
communication nvolving an  attempt to influenc: the interlocutor,
such as persuade, order, advise , ... corntain a rightmost

cubformuia (FDRCE TELL) and the subject o the dependant "to" phrase
ie their cobject. The krnou'edge of the impiicit subject s necessdry
ts proper Aagreement in French, Thus the translation of the phrase

here i8¢ "a otre patientes” uhere “pitientes” agrees wmith ies
femmes', )

THE GENERATION PROCEDURE

ihe general form of the generation program is a recursive svaluation
of the functions contained in stereotypes. Thus, depending on its
context of occurrence, 3 ha, ticular word of the French output
scnteare may have its origin in stereotypes of different levelss
rontent 1n-d stereotups, key uord stereotype or stereotypes that are
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part of a se of top level basic functions.

Key stereotypes contain top level functions which will generate
French clauses and prepositional phrases, using the tempiate to uhict
the stereotype is attached and possibly some of its seguents. Th:
most frequently encountered functions are;

{PREOB <French preposition>)

This will generate a prepositional group, ucing for the obhject the
stereotypes attached to the object formula of the template. It calls
the basic function NOUN-GROUP, 4hic* uses a sense-pair and a list of
gqualifying sense-pairs to generate a French nominal group.

(INOCL) &=
Generates a French clause in the indicative mood, frum a
agent-action-object triple in the IR, Given the process of

fragmenting by key-uword, these three elemenis are sometimes in
different fragments and then the mark and case make explicit their
relationships (the cases used are PRED (!predicatel anrd OBJE
{object) ). INOCL calls the basic function CLAUSE-GROUP.

To describe the ope ation of CLAUSE-GROUF and NOUN-GROUP, it is
necessary to introduce the tuwo functions uwhich hand!: sterectypes.

$MAP takes a stareotype as argument. It goes doun the its string,
building a French string in the process, by concatenating the French
words and *he result of eaevaluating the functions. [t stops and

returns NIL uwhenever cne of these functions returns NIL: otherwise it
returns the French string constructed. $MAP has also a feature,
described belou, which permits the reordering of stereotype strings.

SSELECT takes as argument a list of stereotypes and applies $MAP ta
each of iis members in turn, untii S$MAP raturns a non-NIL value.

The bodies of tha two main syntacticai functions CLAUSE-GROUP and
NOUN-GROUP consist of the applicotion of SSELECT to a list of
3tereotunres which reads somewhat ltike the phrase structure rules of
the corresponding French syntactical corstituent. The bottom level
functions call recursively 8SELECT tc work on the list of stereotypes
of a given content uord and operate transformations on its output for
proper concord, agreement, etc... To that effect, special variableg
carry along information absut gender, number, person etc...

in fact eact function in a stereotype calls 8SELECT to work on a |.st
of other sterzotypes so that the sequence of 8SELECT ca!ls during
exacution follous the underiying tree struc ure of the constituent,
French uorde found in stereotypes correspond tu the terminal nodes.
Generation proceeds from left tc right. Concatenation ts the right is
done by [1APS,
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Houwever some compiexity arices from the fragmented structure of the
IR. and uwith the problem of integrating complex - context-sensitive

sterentupes,

Translating fragment by fragment aml preserving the interlinqual
order of fragments is inadeqguate as examplified by

John said a word / to him,
4 Jdean lut dit un mot,

and:

the man / uith blue eyes / was told / to leave,
+ on dit a |’ hommelaux yeux hleus de partir,

Thue, the generation rules of CLAUSE-GROUP and NOUN-GROUP must take
care to pick sterectypes in the Iv in an order ensuring a correct
output transiation, moving from template to template in the process
if neceszary. HWhile svaluating stereotypes, the program mzintains a
cursor 1 1ich pointe to the fragment uhich is being generated from.
The pv pose of certain functions in sterectypes (sucn as FIND-LINK
above) :s to move the cursor up and doun in the iR.

Inse ting complex ster=otyves in the procedure poses tuo problems:
firet, uhen evialuated in certain contexts, a stareotupe string héas to
be reordered. Consider: -

| often urged him to leave, + Je 1'ai souvent exhorte a
partin,

The stereotupe of "urge" applicable here is:

iexhor ter (DIROB MAN} (FIND-LINK GOAL IR-VP) a (INFVP),

The value of the DIROB, namely "1’7 mu_t precede "ai exhorte" and the
adverb “souvent”'must be inserted betueen the auxiliary "ai" and
"exhorte". To ar=omplish this, 8MAP alious for the wvalues of
designated functions in a sterentype to be lifted from it and stored.
Then a new string can bz formed by concatenating the stored values
uith the valuec of any other function if desired, in order to prodtce
the desired o put.

Second, we need the implemention of 2 system of priorities for
regulating tna choice of generation rules, Since any word or key can
dictate the output syntax for a given piece of IR, there may arise
conflicta, ~hich are resolved by nhav'ng carefully scttled priorities.
The g¢eneral idea is that a more specific rule has priority over a
more general one,

{hus, when a content wuword stereotype {normailu more specific)
prescrbes the translation of fragments other than its immediate
context, it has priority over any key sterectuype (normally more
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general). As ue have seen, in the example "The delega’e urged the
women...", ge.covation uill proceed from the stereotype o’ "urge” and
ignore  the stereotype (de (INFVP)}) at:ached to the ttird fragnent hy
the TIE routines.

CLAUSE-GROUP has a general rule for the objsct of an action nameiy
concatenate the value of NOUN-GROUP applied to it. Houever inis is
overruled uhenever the action stereotype dictates a different
handling of the chject.

oMWY wcomieth i

- A runction REPHRASE allous wus complex rephrasings, such as the
5\ fuoiouing example: "John neariy killed himself", uhich translates
property  inte "John a failli se tuer”, i. e. the adverb "nearliy"
goes into  the verb “faillbir”, "M arly" has the following
stereotupe:

{ (REPHIFASE VERB-GROUP ((VERB-GROUF FAILLIR) (INFVGE)))

e [ LR

T The function REPHRASE indicates that the exccution o the function
VERB-GROUP -~ 3 constituent in CLAUSE-GROU? - shoulr e replaced by
the evaluation of the stereotype uhich is ite second ‘gument, This

1 will generate a verb-group constructed from "‘aillir®, olloued bu an

intinitive verb-group With the "current” subjrct [that «f “faillir"}

As  its oun subject. Any stereotype from a REPHRASE call takes

precedence  over uwhatever stereotyres the substituted function

contained.

ARl

Wi

Tmplementation of these priorities requires some functions in the
stereotypes to test other stereotypes in advance in order to decide
ythat  to denerate next. And the overall control function does some
; bonk-keeping: i, e, it keeps track of uhich sense-pair and fragments
e have already been genarated from, and which stereotype it used,
Tioe overall contro! function sets the cursor to the first fragment
ana picks up its stereotype: 8MAP is run though it, and the cursor
£ moves n. or doun in the IR as the recursive structure calls for.
i When S$MAP pops up, after exhaustion of the first stereotype, the
french phrase that is its value is concatenated to the tex! alrsady
i generated. Ths program then moves doun inta the IR until it finds a
: fragment which hae not been t{ranslated yet; the process is then
3 reiterated as uith the firsi f. agmen?,

The generation procedure is formally eguivalent to a1 augnented
recursive transition netuork fWoods (7;). Functions in stereotypes
correspond to the syntactical constituents on the arcs. A list of
stercotypes as an argument for $EVAL cor-esponds to several arcs
legving from a given state, Stereotypes may include predicates which
play the role of UWoods' tests: the result of their evaluaiion
determine whether an arc uill be followed or not, HWoods' registers
take the form of LISP PROG variables, uhich function &s pusideun
stacks and and hold pieces of generated text or any desired
information,

*

il

19




References

Wilks, Y.: ‘"Preference Semantics", Stanford A.l. Project HMemo #2806,
1973. To appear in led.Keenan) The Formal Semantics of Natural
Language. Cambridge U.P.

Witks, Y.: "Natura: ianguage inference", Stanford A.i. Project HNemo
#211, 1973.

Woods, MW.A.: "Augmented transition networks for natural language
analysis", Report # S-1, Aiken Computation Laboratory, Harvarwu
University, Dec,,1969.



